Abstract. Cement paste was replaced with kaolin-bentonite. The specimens were exposed to elevated temperature for 3 hours in a ceramic furnace and cooled down to room temperature. After cooling, the effect of kaolin-bentonite (particles sized of < 45µm) on hydration, rehydration, surface roughness and compressive strength of ordinary Portland cement (OPC) paste were investigated. Atomic Force Microscopy (AFM) was used to study surface roughness of OPC paste-additive mixture. The application of fire on OPC paste was analyzed. The results showed imposed heat (500 ºC for 3 hours) accelerates the hydration process of OPC, and reduces setting time. Increased heat to 1000 ºC, leads to zero compressive strength of specimens, the compressive strength of OPC continuously reduces after specimen has fully cooled down. A method for recovery of compressive strength of OPC after offing fire has been suggested. The method of offing fire has important effects on the compressive strength of concrete. The best results for specimen content are cementkaolin-bentonite paste, exposure to 500 º C, after 90 days of curing, and cooling down in water. In this case the compressive strength has been increased around 60 % compared to not using additive and not exposing to heat.
Introduction
The effect of elevated temperature on cement paste and concrete are two enormous topics in civil engineering. These two complement each other. This investigation focuses on effects of elevated temperature on cement paste.
The effect of CaO rehydration on reduction of strength of OPC after 800 ºC has been reported [1] . The rate of water absorption is a factor governing the extent of deterioration caused by CaO rehydration, and also water absorption quantity is a factor in accelerating rehydration of CaO into CaOH 2 . This phenomenon is impossible to observe in concrete [2] . Maximum water reduction occurs between 300 ºC and 500 ºC due to the dehydration-dissociation of CaOH 2 . OPC produces calcium hydroxide (CaOH 2 ) during hydration [3] . In an investigation on micro-level and macrolevel properties of cement pastes mixed with different fiber contents to study the role of PP fiber at elevated temperature in self-compacting cement paste samples, it has been observed that at higher temperatures micro cracks influenced gas permeability [4] . Increased fire-resistance and reduced spalling of concrete has been performed by using fire-resistance spray [5] [6] . Fiber polypropylene concrete exposed to temperatures of 400 ºC resulted in crack extension compared to non-fiber polypropylene concrete [7] [8] . The quartz powder (QP) as mineral admixture used in Portland cement (PC) from 0 to 20 wt % in increments of 5% and subsequently has been exposed to elevated temperatures up to 1000 ºC for 2 h, which started from 200 ºC and incrementally increased by 200 ºC. The results indicated that the QP improves both elevated temperature and thermal shock resistance of the cement pastes [9] . It has been indicated that compressive strengths of mortars containing pozzolan were less affected by high temperatures than that of control mortars [10] . To improve fire resistance of OPC paste, and to recover compressive strength of OPC exposed to fire, the OPC paste-kaolin-bentonite mixture has been investigated. The positive effect of heat on OPC has also been analyzed.
Experimental program
Materials. Kaolin and bentonite are natural commercial minerals. These minerals have been mixed and exposed to 800 ºC for one hour to produce an acceptable concrete additive [1] . The quantity of 12% additive has been blended with OPC (43 G). The specimens have been exposed to temperatures of 500 ºC and 1000 ºC for 3 hours in a ceramic furnace (Figure 1 ), and after cooling down, the compressive strength of specimens was measured. For OPC paste mix design, the ratio of additive, water and cement are shown in Table 1 . Cement paste mix design and tests. The kaolin-bentonite mixture [1] has been added to OPC paste based on trial mixes. In this research work for the identification of appropriate natural additive and establishing optimal materials mix ratio, the additives are mixed based on weight of materials. This is not for discovering any specific methods for cement past mix design. The ACI methods could not be applied to this mix design. To obtain the effect of 12% kaolin-bentonite mixture on the compressive strength of OPC paste, the cubical molds of (5 cm × 5 cm × 5 cm) dimensions, have been made according to mix design. After initial curing of 1 day, the specimens were kept in water at 30 ± 5 ºC for 28 days. The compressive strength has carried out as per ACI and the average values of three results have been reported. XRD results show crystal systems and bravais lattices of minerals modification, after being mixed with additive after 28 days of curing (Figure 2.1-2). AFM was used to investigate on reform of surface roughness of OPC paste. Samples were grounded and sieved to particle size of < 45 µm for application of AFM image interpretation. The hydration, rehydration and surface roughness of OPC paste was studied using this AFM image. 
Results and discussion
The cement-kaolin-bentonite interaction caused large amounts of heat and evaporation of water during the hydration process. This method is highly suited for colder regions or climates. The high level of heat in the specimen accelerated rehydration, increased water absorption, extended crack on specimen (Figure 3-10) , and reduced the compressive strength of the specimen. According to Petzold and Rohrs [11] , crack extension, disruptive and rehydration have been associated with CaOH 2 . OPC-kaolin-bentonite paste exposed to 1000 ºC heat for 3 hours and cooled in water immediately. Fig 8. OPC-kaolin-bentonite paste exposed to 1000 ºC heat for 3 hours and cooled in water for 2 hours. 
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Due to the content of CaOH 2 blends of pozzolanic materials to cement paste have been reported to contain large amounts of reactive SiO 2 and better withstand the crack of post cooling [12] [13] . Our findings is in good agreement as illustrated by Figures 9-10 where cement-kaolin-bentonite paste exposed to 1000 ºC of heat for 3 hours showed the smallest crack and higher compressive strength compared to cement paste. The compressive strength of cement-kaolin-bentonite paste and cement paste have drastically been reduced a day after fully cooling down. According to [1] , blends of 12% kaolin-bentonite to cement paste showed better result on improved compressive strength of concrete compared to cement paste. The room temperature was 30 ± 5 C for curing concrete and the room temperature was 20 ± 3 C and more humidity for curing cement paste. It is well known that the room temperature has specific effects on hydration of cement paste, but it was still necessary to investigate both cement paste and concrete. Test results of [14] have shown that the compressive strength of concrete cooled in water is higher than that cooled at room temperature or in the furnace. Humidity initiates rehydration in cement paste exposed to heat. It may call fire mitigation of cement paste, and or improve fire resistance of cement paste. The finding in [1] and our research work is in good agreement with that reported in [14] . The specimens of OPC paste have been exposed to 500 ºC heat for 3 hours and cooled down in open air. After 2 hours, 70% of specimens collapsed, but under the same laboratory condition deterioration of cement-kaolin-bentonite paste has been reduced ( Figures 3-4) . Intact OPC paste underwent severe deterioration after 2 days ( Figure 5 ). The OPC paste-kaolin-bentonite was immediately cooled in water and underwent color change to black but has not deteriorated over time and its compressive strength is higher than cement paste ( Figure  6 ). Increased level of heat to 1000 ºC, and cooling down of specimen immediately in water, results in fully collapse OPC paste ( Figure 7 ) and cooling down in open air after 1 hour, when the specimen can be transported by hand in water also showed collapse (Figure 8 ). The specimens exposed to 1000 ºC did not deteriorate and are depicted in Figures 9-10 compared to 500 ºC heat content expansion of crack. The safety of cement paste exposed to high temperature depends on level of heat and method of cooling down of temperature. The compressive strength of cement paste which has been exposed to high temperature can be partially recovered with appropriate humidity and temperature. The method of reduction of temperature is an important factor in compressive strength of cement paste. Table 2 indicates the stage of modification of compressive strength of OPC paste. The best results were for specimens containing cement-kaolin-bentonite paste, exposed to 500 ºC, after 90 of curing, and cooled down in water. In this case the compressive strength has been increased around 60 % compared to not using additive and without exposure to heat. According to AFM results, the root mean square roughness, average roughness, area peak-tovalley height, maximum area valley depth and area average absolute slope of OPC-kaolin-bentonite paste which has been exposed to 500 ºC (Table 3 and Figures 11-15 ) were higher. The finding from mechanical properties of OPC paste is in good agreement with micro properties. Figures 11-15 clearly depict roughness, and effect of heat and additive in modification of roughness. C = OPC paste not exposed to high level of heat C 500 = OPC paste exposed to 500 ºC C 1000 = OPC paste exposed to 1000 ºC CKB = OPC-kaolin-bentonite paste exposed to high level of heat CKB 500 = OPC-kaolin-bentonite paste exposed to 500 ºC CCKB 1000 = OPC-kaolin-bentonite paste exposed to 1000 ºC 
Conclusion
It is well known that elevated temperature changes engineering properties of cement paste. In this investigation it has been observed that certain levels of heat exposure in limited time will improve the compressive strength of cement paste-kaolin-bentonite. The effects of heat on both cement paste and concrete have to be investigated. The humidity, room temperature and elevated temperature are important factors in fire resistance mitigation and curing time of concrete. The compressive strength of cement paste and cement paste-kaolin-bentonite exposed to 1000 ºC for 3 hours is reduced continuously, even after cooling down. The deterioration process of micro properties of cement paste destroys whole compressive strength gradually. The compressive strength of cement paste can be partially recovered when exposed to high temperature. There is the possibility for improvement of cement paste characteristics using appropriate temperature in 90 days. The microstructure analysis of cement paste has been used for understanding its hydration and compressive strength. The best result is for specimens containing cement-kaolin-bentonite paste, exposed to 500 º C, after 90 days of curing, and cooled down in water. In this case the compressive strength has been increased around 60 % compared to not using additive and without exposure to heat.
